We examined the risk of disability retirement by smoking and physical activity, and particularly whether the risk due to smoking is affected by the level of physical activity. Additionally, the contribution of baseline health, sociodemographic and work-related factors to the joint associations of smoking and physical activity with disability retirement was considered.
INTRODUCTION
Smoking and physical inactivity are prevalent public health problems and key risk factors for major chronic diseases, [1] [2] [3] [4] but their associations with disability retirement are inadequately understood. Early exit from working life due to disability retirement is a public health challenge and an economic burden for society. Thus, novel evidence about its preventable risk factors is needed for preventing the decline in work ability and tackling the individual, organisational and societal burdens related to disability retirement. Around 7% of all working-aged people are currently on disability pension in Finland, and the prevalence sharply increases after midlife. 5 This highlights the need to shed light on the factors associated with early exit from the labour market due to disability among ageing employees in particular.
Some earlier studies have found associations between smoking and disability retirement, or work disability comprising both sickness absence and disability retirement. [6] [7] [8] [9] [10] [11] [12] Physical inactivity has also been associated with work disability. [13] [14] [15] The association between smoking and disability retirement Strengths and limitations of this study ▪ A limitation of this study is that smoking, physical activity and covariates were self-reported at baseline only. However, as a strength, we were able to distinguish between the different volume and intensity of leisure-time physical activity and amount of smoking as well as smoking history. ▪ A further strength of this study was that the data about disability retirement were complete, and comprised all ICD-based disability retirement events derived from national registers. ▪ In all, the results highlight the importance of heavy smoking and physical inactivity as risk factors for subsequent register-based disability retirement, and that the risk among ex-smokers, moderate smokers and never-smokers can be shaped by the intensity of leisure-time physical activity.
appears to be dose-dependent, that is, the risk of disability retirement tends to increase with heavier smoking. 6-8 12 However, some studies have only examined current smoking, 9 16 and in a large study comprising 11 European countries, current smoking was unassociated with exit from the labour market due to disability. 17 Studies focused on smoking have sometimes considered physical activity. For example, an earlier study found that heavy smoking is associated with the risk of disability retirement among women even after adjusting for physical activity, while the association attenuated among men after adjusting for socioeconomic position and further by physical activity. 12 Both smoking and physical inactivity independently increase the risk of disability retirement, while physical activity could decrease the risk of disability retirement. Although some studies have had only self-reported data on work disability, 14 15 a recent meta-analysis further supported the importance of physical inactivity to the risk of disability retirement. 18 The meta-analyses included 10 different studies and reported 17 associations, of which 8 were statistically significant. A pooled estimate could not be computed due to many differences in definitions and cut-off points used for physical inactivity.
The previous studies are, however, heterogeneous, as measures and operationalisation of smoking and physical activity, outcomes as well as study populations have varied. Thus, the evidence yielded is neither comprehensive nor consistent. Furthermore, joint associations of smoking and physical activity with subsequent work disability have been studied very little. Smokers typically exercise less as compared to non-smokers, and physically active smokers might have a reduced risk of, for example, pulmonary disease, as physical activity could help reduce the decline in lung function among smokers. 19 20 A potential explanation for the beneficial effects of physical activity is related to its antiinflammatory potential. 21 This could be beneficial to both smokers and non-smokers.
The joint associations of smoking and physical activity with lung functions support examining their joint contribution to other health outcomes including disability retirement. A recent study reported a statistically significant p value for an interaction between smoking and physical activity when predicting the risk of disability retirement due to musculoskeletal disorders and circulatory diseases. 22 All-cause disability retirement was not included, and the joint associations were not reported. An earlier study focusing on the joint associations found a higher risk of self-reported work disability only among those smokers who were inactive, whereas smokers who were physically active at least once a week were not at risk of work disability. 23 However, this small-scale study did not distinguish between different levels of physical activity or consider the amount of smoking and ex-smoking. Thus, it is not known whether the amount and intensity of physical activity affects the risk and whether physical activity is protective of disability retirement among heavy and moderate smokers. One might assume that the risk of disability retirement varies by the amount of smoking, and that physical activity shapes the risk. Furthermore, since ex-smokers were combined with the never-smokers in the earlier study, 23 it is not known whether ex-smokers continue to be at higher risk of disability retirement and whether the level of physical activity shapes that risk. Consequently, the joint associations of smoking and physical activity with disability retirement need to be examined in different populations with recent data to confirm whether the associations can be found across employed populations and over time. In sum, the focus on the joint association is an extension to the previous studies that have examined the independent associations of smoking or physical activity with disability retirement. Such analyses cannot address the above questions or confirm whether the risk of disability retirement among never-smokers, former smokers, occasional smokers or heavy smokers is equally affected by their amount and intensity of physical activity. This can be addressed by distinguishing these groups in a joint variable.
Finally, although the health of the working-age population has generally improved, the disability retirement rates remain continuously high across OECD countries. 24 Given that notable demographic changes with the ageing populations are taking place during the next decades further highlights the need for examining the determinants of work disability. Thus, in efforts to extend working life, this information can be used in finding potential risk groups for effective and early prevention. Prevalence of smoking in Finland has been declining during the previous decade, and is somewhat lower as compared to the other OECD countries. 25 26 However, roughly a fifth of working-aged men and a sixth of working-aged women are still current smokers. 27 Likewise, current trends suggest that the proportion of those who are physically inactive has declined steadily. 28 Despite the positive trends, physical inactivity and smoking remain prevalent risk factors challenging public health and work ability. Additionally, owing to declining response rates to surveys, it is difficult to estimate the actual trends. We hypothesised that non-smoking and physical activity protects against disability retirement among midlife employees, and more specifically that the risk of disability retirement among smokers and nonsmokers is affected by the volume and intensity of their physical activity.
The main aim of this study was to examine the joint associations between smoking, physical activity and disability retirement. We first examined the separate effects of smoking and physical activity on subsequent risk of disability retirement, and then formed a joint variable to further examine whether the risk of disability retirement due to smoking varies by the level of physical activity. An additional aim was to consider the effects of a range of covariates on the associations.
METHODS

Study population
The Helsinki Health Study data were used for the purposes of this study. The study was set to examine sociodemographic and work-related determinants of health and well-being of employees of the City of Helsinki, Finland. 29 The Helsinki Health Study baseline questionnaire survey data were collected in 2000-2002 among all women and men who turned 40, 45, 50, 55 or 60 at each survey year (n=13 344). The mean age of participants was 49.4 years. Altogether, 8960 (80% women) responded to the survey (response rate 67%). The proportion of women in the data corresponds to that in the female-dominated target population in this age group (78%), and the public sector more generally. Further details of the cohort and data collection can be found elsewhere. 29 These data were prospectively linked with complete register data on all-cause disability retirement (ICD-10) from the Finnish Centre for Pensions, using personal identification numbers assigned to each citizen in Finland. The linkage was done for those respondents who had provided informed consent for such linkage (n=6606, 74%). After excluding those with missing data on the studied variables (smoking, n=64, physical activity, n=43, all covariates altogether, n=109), altogether 5016 women and 1374 men were eligible for the analyses (n=6390). The follow-up began after returning the baseline questionnaire and continued until the end of 2010, with a mean follow-up of around 8 years.
Smoking and leisure-time physical activity
Smoking and leisure-time physical activity were selfreported at baseline.
The respondents were first asked whether they currently smoked cigarettes, cigars or pipes (yes, no). As practically all smoking (99% among men and 99.9% among women) was cigarette smoking, 30 all the types were analysed together. Additionally, the respondents were asked whether they had previously smoked. The smokers further reported their smoking intensity, that is, the number of cigarettes they smoked daily. On the basis of responses to questions on smoking history and intensity, and following previous procedures, 31 the respondents were classified into four groups: non-smokers (ie, never smokers), ex-smokers, moderate smokers and heavy smokers. Among women, moderate smoking referred to 1-14 cigarettes per day, and among men 1-19 cigarettes per day. Heavy smoking referred to smoking 15 or more cigarettes among women and 20 or more cigarettes per day among men. A lower cut-off point for heavy smoking among women was due to gender difference in the distribution of the amount of heavy smoking. The same cut-off point for men has also been used previously in other earlier studies by us and others, and it has been particularly strongly associated with the risk of disability. 6 10 31 Leisure-time physical activity (including commuting) was measured with questions about average weekly hours of physical activity in four intensity grades. The reference time was previously 12 months. Four intensity grades distinguished walking, brisk walking, jogging and running or any equivalent physical activity. Five response alternatives were given, with a range from zero hours to more than 4 h a week for each intensity grade of activity. On the basis of the responses (intensity of activity and the hours spent on each intensity grade), metabolic equivalent values (METs) were approximated by using previously developed procedures. 13 32-34 In brief, METs are calculated by multiplying the weekly hours by the estimated MET of each requested intensity grade of physical activity. A MET value of one corresponds to resting metabolic activity. The respondents were classified into three groups based on a classification that broadly followed the current national recommendations for physical activity: inactive, moderately active and vigorously active. 35 Thus, inactivity referred to 14 or less MET-hours per week. Moderately active referred to more than 14 MET-hours (eg, brisk walking for 2.5 h equals 15 MET-hours). Among those vigorously active, the MET values also comprised vigorous activity such as jogging, running or the like (eg, jogging or equivalent activity for 45 min per week and brisk walking or equivalent activity for 1.5 h per week).
The joint variable was then formed using vigorously active non-smokers as a reference category. This was done as both non-smokers and vigorously active smokers have the lowest risk of disability retirement as also shown in figures 1-2. Additionally, never-smokers were not distinguished from ex-smokers in the only earlier study focused on smoking, physical activity and self-reported work disability. 23 To examine the effects of smoking at different levels of physical activity, the following groups were formed and compared to the reference category: inactive non-smokers, moderately active non-smokers, inactive ex-smokers, moderately active ex-smokers, vigorously active ex-smokers, inactive moderate smokers, moderately active moderate smokers, vigorously active moderate smokers, inactive heavy smokers, moderately active heavy smokers and vigorously active heavy smokers.
Disability retirement
Permanent disability pension can be granted in Finland based on incapacity to work due to a disease diagnosed by a physician. 36 Illness, injury or impairment has to have decreased the capacity to work by at least 60% during a year preceding the assessment. Therefore, disability retirement is typically preceded by sickness absence of 300 days or more. The decision is focused on the ability to work. A diagnosed disease is a necessary but not a sufficient condition for granting disability retirement. In addition, other factors such as age, education, living and working conditions and work history are taken into account when the employee's opportunities to continue working are assessed. 5 Since work disability is usually partial, 37 the remaining work capacity could be used if, for example, working conditions were modified. Thus, this study considers the importance of sociodemographic and work-related factors to the examined associations. Disability retirement events were classified based on ICD-10 diagnoses. We focused on all-cause disability retirement.
Covariates
In line with the above described disability retirement granting process, we considered gender, age, socioeconomic, work-related and health-related factors as covariates. Since disability retirement is socioeconomically patterned, 38 39 socioeconomic position was measured using occupational social class from the employer's personnel register. Four groups were used: managers and professionals, semiprofessionals, clerical employees and manual workers. Managers and professionals served as a reference group. Mental and physical workload was examined using two single items asking whether the respondents perceived their work as very light, light, strenuous or very strenuous mentally or physically, and dichotomised as heavy or light. Light work was used as a reference for both mentally and physically strenuous work, following previous procedures. 40 Problem drinking was based on the four-item CAGE (Cut-down, Annoyed, Guilty, Eye-opener) questionnaire. 41 Those with no indication for problem drinking served as a reference group. For women, the cut-off point indicating problem drinking was two positive responses, and for men, three positive responses. This measure was adjusted for as it has been associated with disability retirement. 42 Body mass index (a continuous variable) was computed from selfreported weight and height (kg/m 2 ). It was adjusted for, as obesity was associated with physical activity and smoking (p<0.0001), and it has been strongly and independently associated with disability retirement. 43 Self-rated health was a single item derived from the short form 36 health questionnaire (SF-36). 44 45 Those with good health served as a reference group. The item has also been widely used earlier and it is a strong and independent predictor of disability retirement. 46 
Ethical considerations
The Helsinki Health Study protocol has been approved by the ethics committees of the Department of Public Health, University of Helsinki, Finland and the City of Helsinki Health Authorities.
Statistical analyses
Descriptive analyses were computed first, showing the distribution of all variables, and cross-tabulating the exposure and covariates with disability retirement events. Statistical significance is shown with p values (χ 2 ). The Kaplan-Meier survival curves next show the proportion of those not on disability retirements over the follow-up by smoking and physical activity. Finally, the Cox regression models were fitted to examine the joint associations of physical activity and smoking with subsequent allcause disability retirement. Proportionality assumptions were tested and met. No gender interactions were found ( p value for interaction=0.5), and thus the analyses were carried out in pooled data adjusting for gender. In the analyses, those who turned 63 years (n=1092), retired based on their normal retirement age (n=830) or died (n=43) were censored. Age-based censoring was done because, after the age of 63, disability retirement is no longer granted in Finland. Model 1 was adjusted for age and gender. Further models comprised the covariates in Model 1. Model 2 was additionally adjusted for socioeconomic position and physical and mental strenuousness of work, and Model 3 was the full model, adjusting for variables in Model 2, as well as for problem drinking, body mass index and self-rated health.
In addition, sensitivity analyses were conducted to confirm the associations. First, we examined causespecific disability retirement using the two leading causes as the outcomes. Second, the effects of each of the covariates as well as marital status were tested in separate models to examine which of the factors made the strongest contribution to the examined association, and to confirm that the factors can be combined and fit cumulative yet parsimonious models.
RESULTS
Over the follow-up, there were altogether 608 (9.5%) disability retirement events (table 1) . Both smoking and physical activity strongly contributed to the risk of disability retirement. Among vigorously active non-smokers, only less than 1 of 20 ended up in disability retirement, as compared to a fifth of heavy smokers who were inactive or only moderately active at leisure time.
Survival curves of non-smokers and moderate smokers were broadly similar, but ex-smokers and particularly heavy smokers were more likely to retire due to disability over follow-up (figure 2). Similarly, survival curves of physically inactive and moderately active smokers were similar, while the vigorously active smokers were least likely to retire due to disability over the follow-up.
After adjusting for gender and age (Model 1), results from the Cox regression models showed that nonsmokers who were moderately active (HR=1.87, 95% CI 1.37 to 2.55) or inactive (HR=2.08, 95% CI 1.48 to 2.93) had a higher risk of disability retirement (table 2) . Among ex-smokers, the risk of disability retirement was also increased among those moderately active (HR=2.39, 95% 1.69 to 3.36) and inactive (HR=2.57, 95% 1.75 to 3.77). Instead, vigorously active ex-smokers had no excess risk. Similar associations were further found for moderate smokers, who were moderately active (HR=2.09, 95% 1.38 to 3.17), or inactive (HR=2.03, 95% 1.21 to 3.41). As with the ex-smokers, the risk of disability retirement was not increased among those moderate smokers with vigorous physical activity (HR=1.34, 95% 0.77 to 2.34). Among heavy smokers, also the vigorously active had a higher risk of disability retirement (HR=2.79, 95% CI 1.62 to 4.79), while the highest risks were found among heavy smokers who were moderately active (HR=4.18, 95% CI 2.86 to 6.10) or inactive (HR=4.16, 95% CI 2.80 to 6.16).
In Model 2, further adjustments for sociodemographic and work-related factors somewhat attenuated the associations. However, they remained except for moderate smokers who were inactive, the association attenuated and was of borderline significance only (HR=1.67 95% CI 0.99 to 2.81). The attenuation was clearest among heavy smokers. Thus, after adjusting for gender, age, socioeconomic position and physical and mental strenuousness at work, heavy smokers who were vigorously active continued to have a higher risk of disability retirement Full adjustment for all covariates resulted in the strongest attenuation of the associations (Model 3). For nonsmokers and moderate smokers who were moderately active, the associations reduced after full adjustment, while ex-smokers who were moderately active and inactive continued to have a higher risk of disability retirement. Among heavy smokers, the risk remained for all levels of physical activity. Thus, being vigorously active (HR=1.81 95% CI 1.05 to 3.12), moderately active (HR=2.38 95% CI 1.61 to 3.51) or inactive (HR=1.91; 95% CI 1.27 to 2.87) remained associated with disability retirement even after full adjustment.
Sensitivity analyses
In sensitivity analyses, similar patterns in the joint associations were found for both leading causes of disability retirement, musculoskeletal diseases (M00-M99) and mental disorders (F00-F99). A small number of events did not allow a more detailed cause-specific analysis to be displayed. Marital status was adjusted for as an additional covariate, but as it made a negligible contribution to the examined association and was unassociated with the outcome, it was excluded from the final models. As the individual contribution of each of the examined covariates was overall minor, we preferred to show the results from the cumulative models. The largest individual contribution was found for self-rated health (data not shown).
DISCUSSION
Principal findings
This study sought to examine the joint associations of smoking and physical activity with subsequent risk of disability retirement among midlife women and men. The main finding was that both smoking and physical activity contributed to the risk of disability retirement. Furthermore, the level of physical activity affected the risk of disability retirement among non-smokers, ex-smokers and moderate smokers. Thus, among vigorously active employees, only heavy smoking was associated with the risk of disability retirement, while ex-smokers and moderate smokers with vigorous physical activity had no excess risk. Considering that socioeconomic position and physical and mental strenuousness at work had mainly minor effects on the associations among non-smokers, ex-smokers and moderate smokers, the examined covariates accounted for a relatively large part of the associations among heavy smokers. After further including health-related factors, all of the associations attenuated, and the differences by the level of physical activity reduced particularly among heavy smokers. Interpretation Few studies have previously examined smoking and physical activity as joint risk factors for health and work disability. Overall, our findings suggest that sufficient physical activity may help prevent disability retirement not only among non-smokers, but also among smokers. This is in line with a recent Brazilian study showing that among smokers, a higher level of physical activity is protective of chronic obstructive pulmonary disease, as compared to their matched non-smokers. 19 Similarly, a Danish cohort study showed that among smokers, high levels of physical activity reduce the risk of lung function decline and pulmonary disease. 20 Alternatively, smokers' low physical activity could be a marker of poor health functioning, or an undiagnosed disease. However, the association between smoking and work disability is dosedependent, as the risk reduced among moderate smokers but remained relatively high among all heavy smokers despite their level of physical activity. As the joint associations attenuated mostly for the heavy smokers after full adjustments, this suggests that the included sociodemographic, work-related and health factors largely contribute to the examined joint association. This is in line with a recent study reporting that the association between heavy smoking and the risk of disability retirement attenuated but remained among women, while the associations for ex-smokers, lighter smokers and all male smokers were reduced after adjustments for education, physical activity and other confounders. 12 Only one previous study published nearly a couple of decades ago 23 has examined the joint associations between smoking, physical activity and work disability. Although there are notable differences in our study, our findings are in line with the earlier study showing that only physically inactive smokers have a higher work disability risk. In the previous study, work disability referred to self-reported sickness absence of 8 weeks or more during the previous year, or disability pension. Our study extends the earlier knowledge by showing in more detail the significance of the amount of smoking, smoking history and the intensity of physical activity to subsequent disability retirement. While the dichotomised measures used earlier are unable to distinguish between these risk groups, our study shows that the risk remains among ex-smokers who are moderately active or inactive, and that among heavy smokers even vigorous physical activity is not sufficient to counteract the risks associated with smoking, or prevent disability retirement. Furthermore, it needs to be highlighted that nonsmokers who are inactive or only moderately active might have an increased work disability risk, although the risks reduced after considering sociodemographic factors, working conditions and health. In addition to contributing to the indisputable adverse effects of smoking, this study further sheds light on the possibilities of physical activity to help modify the risk of disability retirement among smokers and non-smokers. Thus, a sufficient amount of vigorous physical activities should be promoted equally to non-smokers and smokers. A sufficient volume and intensity of physical activity most likely promotes well-being, health and functioning among employees overall, while also preventing decline in work ability.
Although the risk of work disability among ex-smokers continued to be high, this evidently does not suggest that smoking cessation has harmful consequences or is not recommended. Moreover, even though we accounted for baseline health and other key covariates, those who had stopped smoking could have done that due to an illness or after a physical examination, and their work ability could have been notably decreased even prior to the decision to quit smoking. Thus, it may not be surprising that ex-smoking has long-lasting harmful effects. It is also likely that most had smoked even for decades, as smoking is typically started in adolescence. 47 Smoking is also a relatively stable behaviour. Accordingly, smoking cessation over the follow-up was rare in these data as well (data not shown).
The need to tackle the modifiable and preventable risk factors of work disability among employees is a shared challenge across the developed countries, as health and social policies are aiming to increase labour market participation in ageing populations. Since work disability is a major route to early exit from the workforce, evidence about the causes of work disability is important to social and health policies in efforts to extend work careers. In addition to health, work-related factors and other resources affect the ability to continue working, and therefore the prevention of work disability should consider all of these aspects and their links with the risk factors, such as the examined smoking and physical inactivity.
Strengths and limitations
This study had some limitations. First, we only had one measurement of smoking and physical activity, and our data on predictors and covariates were self-reported. Smoking history and amount of smoking were, however, asked in detail, and thus we were able to examine ex-smoking separately from non-smoking, and distinguish between moderate and heavy smoking. Since reasons for stopping smoking were not available, the results for ex-smoking should be interpreted with some caution. The measurement of leisure-time physical activity comprised four items and both quantity and intensity of activity. Although our self-reported physical activity measure lacks validation, no physical activity questionnaire has been shown to be superior to others. 48 Thus, similar challenges apply to any self-reported measure, but for epidemiological research these questions are most feasible. Second, the data comprised only middle-aged public sector employees from the capital area of Finland. Municipal employees further are predominantly women whose smoking and physical activity patterns may differ from those for men. However, no gender interaction in the associations was found. Generalisability of these results to other employee sectors and countries could be limited, although there is no particular reason to assume why the joint effects of physical activity and smoking on disability retirement risk would largely differ between, for example, employment sectors or area of living. Although only one large employer was included, it is the largest in Finland and includes hundreds of different occupations. Third, it needs to be acknowledged that there was loss of data due to non-response to the survey (response rate 67%) as well as not consenting to register linkages (78% consented). Despite the potential bias or selection due to loss of participants, our thorough non-participation analyses have shown that the data are broadly representative of the target population and that non-consenting is unlikely to distort the findings.
29 49 50 Those who participated and consented to register linkages tended, however, to be somewhat older and had a higher socioeconomic position, as well as slightly less medically certified sickness absence.
This study also had some strengths. First, we had prospective data on disability retirement, derived from national registers. These data were complete and based on ICD-10 diagnoses. Thus, there is no loss to follow-up among those consenting to register linkage. It was also possible to distinguish other retirement types in the analyses and specifically focus on a more objective measure of disability retirement. Second, we were able to examine the joint associations of physical activity and smoking by focusing on both different levels of physical activity and amount of smoking and history. Thus, this study provides novel evidence about the importance of vigorous physical activity in efforts to prevent disability retirement among non-smokers, ex-smokers and moderate smokers. Distinguishing the amount of smoking further highlighted the importance of examining heavy smoking separately from occasional smoking, ex-smoking and non-smoking. Third, we had a set of key covariates available from the baseline survey to provide more robust evidence about the joint associations of physical activity and smoking with disability retirement.
CONCLUSIONS
Both smoking and physical inactivity are jointly associated with disability retirement, and this study showed that the risk of disability retirement due to smoking varies by the level of physical activity. Among ex-smokers and moderate smokers, vigorous physical activity might help prevent work disability, while among heavy smokers vigorous physical activity is not sufficient to eliminate the adverse effects of smoking on health and work ability. As work disability is also a major societal challenge, evidence about its preventable risk factors helps tackle the topical question of increasing labour market participation, and promotes maintenance of work ability. This not only improves health and well-being, but prevents large individual and societal costs related to work disability. Finally, interventions and efforts to promote nonsmoking are strongly recommended alongside promotion of vigorous physical activities among all employees.
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